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The initiation and growth of intergranular stress-corrosion cracking 
(IGSCC) in the heat-affected zone of welds in stainless steel reactor 
piping has been a subject of concern to electric utilities for over ten 
years. This type of crack can be detected with ultrasonic shear waves 
during normal maintenance periods with a reliability of up to 80% [1]. 
Often, when crack indications have been found, the utility has been 
allowed to apply a weld metal overlay as a temporary repair measure. How-
ever, the complex, elastically anisotropic microstructure of the overlay 
considerably reduces the reliability of subsequent ultrasonic inspections. 
This paper addresses the problems arising because of the overlay. 
WORKSHOP ON NDE OF PIPES WITH WELD OVERLAYS 
An NDE workshop on inspection of 12-in. Schedule 80 pipe-to-elbow 
weldments with weld overlays, from the Georgia Power Co. Hatch-2 reactor, 
was held at Argonne National Laboratory (ANL) in May 1984 [2]. Because of 
the positive response to this workshop, a second one was held at ANL in 
January 1985. The ten participants included personnel from KWU (West 
Germany), Commonwealth Edison, Battelle Pacific Northwest Laboratory, 
Southwest Research Institute, and ANL. Two pipe-to-endcap weldments with 
weld overlays, also from Hatch, were studied in the second workshop. 
Figure 1 shows the dimensions and configurations of these weldments. The 
endcap was intact on weldment 22BM, a photograph of which is shown in Fig. 2. 
The inner surfaces of the weldments had been ground in some areas so 
that they contained a mixture of smooth areas and areas where the weld 
root was clearly evident. The weld overlay had a relatively smooth surface 
texture. 
*Work supported by the U. S. Nuclear Regulatory Commission, Office of 
Nuclear Regulatory Research. 
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Fig. 1. Schematics of the Two Pipe-to-Endcap 
Weldments Used in the 1985 NDE Workshop. 
Fig. 2. Photograph of Weldment 22BM. 
Before they were shipped to ANL, the weldments were sent to the 
J, A. Jones NDE Center in Charlotte, NC, where they were inspected by dye 
penetrant, ultrasonic, and radiographic techniques. Ultrasonic and 
radiographic techniques were difficult to apply to these weldments, but 
penetrant testing (PT) of the inner surface did reveal a limited amount of 
cracking in specimen 22BM. These cracks were also detected by PT at ANL. 
No crack indications were observed in specimen 22AM. Because of the 
limited amount of cracking in these weldments, the emphasis of the work-
shop was on trying to understand the nature of crack overcalling and the 
distortion of ultrasonic waves due to the presence of the overlay. 
The statements below summarize some of the main conclusions drawn 
from workshop discussions. 
The lSI of piping with an overlay is unreliable for cracks that 
extend less than ~60% throughwall because of the unpredictable beam 
distortion due to the overlay (which can vary considerably in size and 
thickness from one weld to another) and the absence of effective reference 
pipes. Optimization of the inspection procedure will require documentation 
of the overlay procedure and the availability of reference mock-up pipes. 
These reference pipes should have reflectors in both the HAZ and the 
weld root. Field pipes removed from service are the most desirable. 
It is particularly difficult to separate crack signals from root 
signals when inspecting pipes with overlays because of the low signal-to-
noise (S/N) .ratio. It may be possible to improve the chance of detecting 
large cracks (>60% throughwall) through use of longitudinal waves (L-
waves) and transducers with lower frequencies, although this will reduce 
the sensitivity to small cracks (less than 20% throughwall). 
A baseline ultrasonic examination, performed with automated 
equipment, would be extremely useful as one could re-examine the pipe 
from time to time and look for changes resulting from crack initiation 
and growth. Automation makes this procedure feasible. 
The advantage of L-waves over conventional vertically polarized (SV) 
shear waves for inspection of pipes with overlays is that L-waves undergo 
minimal attenuation and skewing while propagating through the overlay (or 
butt weld). It is also easier to see a crack tip signal with L-waves. 
The disadvantage is that the relative energy reflected back from a corner 
reflector is less than for shear waves. 
It may be easier to detect deep cracks that follow the fusion line 
by inspecting with L-waves through the weldment, because the crack face 
may then be nearly perpendicular to the beam. Overall, L-waves would be 
favored for pipes with an overlay. 
A number of ultrasonic probes were used during this workshop. They 
included pitch-catch (side-by-side and tandem) and pulse-echo modes with 
both longitudinal and shear (SV) angle beams. Longitudinal beam angles of 
45, 55, and 70°, and shear (SV) beam angles of 45 and 60°, were used. A 
special probe that mode converts a shear wave into a surface-skimming bulk 
wave at the inner surface was also tried. Transducer frequencies ranged 
from 1 to 3 MHz with sizes ranging from 6 to 25 mm. USIP 11, USL 48, and 
Panametrics 5052 UAX pulser-receivers were employed during the laboratory 
investigation to allow analysis of both radio frequency and video signals. 
By means of the finger-damping technique, many ultrasonic echoes 
could be identified as originating from the weld root. However, many sig-
nals of unknown origin were detected at several transducer positions. 
These positions were carefully marked on the weldments. One of the stronger 
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echo signals of unknown or1g1n, detected with 2.25-MHz shear (SV) waves, 
was about 8 dB lower in amplitude than a signal from a known IGSCC specimen 
(about 30% throughwall) in a section of 28-in. pipe removed from service. 
This echo, as was the case for many others obtained with both SV and 1-
waves, had a favorable S/N ratio and did not come from the weld root. 
ORIGIN OF SPURIOUS ECHOES 
The source of the above-mentioned spurious ultrasonic echoes detected 
during shear-wave (SV) examination of pipes with overlays appears to have 
been established and will be discussed below. The combination of a complex 
columnar grain structure and irregular boundary between overlay and base 
metal has been identified as the cause of echoes similar in appearance to 
those from cracks. This phenomenon has also been observed and discussed 
by other investigators [3]. Figure 3 shows a schematic of the pipe section, 
overlay, and transducer (2.25 MHz, 6 mm) used to evaluate the problem. The 
pipe section (not from Hatch) has been ground flat and smooth on the inner 
and outer surfaces to leave a 5-mm-thick overlay and a combined thickness 
of 22.5 mm. This eliminates any complications due to geometry. 
Fig. 3. 
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Schematic of Pipe Section, Overlay, and Transducers Used to 
Identify the Source of Spurious Echoes Found During Ultrasonic 
Inspection of Pipes with Overlays. The total specimen thickness 
is 22 .5 mm. The overlay is 5 mm t hick. A signal can be detected 
by 45° shear-wave transducer . A (at relative posi t i on indicated) 
for al l locations of transmi tter T. However, signals de tected by 
normal- incidence shear-wave transducer B vary in ampli tude de-
pending on the position of T. A spurious echo is detected by T 
(in pulse-echo mode ) only when a r e l a tively strong signal i s 
detected by B. The dif f e rence in transit times for signals 
rece i ved a t A and B for a given T position is consistent with 
the difference in acoustic path l ength. 
An important experimental observation indicates that because of the 
complex microstructure of the overlay, the mode-converted shear wave (SV) 
is split into two parts [3]. One is an SV-wave propagating at ~35-45° and 
the other is a wave propagating essentially normal to the pipe surface. 
The SV-wave was detected by a conventional 45° shear-wave transducer at 
the approximate position expected for a 45° SV wave (corresponding to 
transducer A in Fig. 3 and trace 3 in Fig. 4). The other shear wave is 
reflected off the bottom of the pipe and returns to the transducer to pro-
duce a strong ultrasonic echo (trace 2 in Fig. 5). An electromagnetic 
acoustic transducer (EMAT) and a normal-incidence shear-wave transducer 
(transducer B in Fig. 3) were used to confirm the presence of this wave. 
A radially polarized EMAT was used to scan the inner surface of the sample. 
A shear wave was detected at a position just below or very slightly ahead 
of the 45° shear-wave transducer wedge. A normal-incidence shear-wave 
transducer was used to establish that the polarization of this shear wave 
is parallel to the inner surface of the specimen and in the plane of the 
polarization of the conventional SV-wave (Fig. 4, trace 4). This wave 
cannot be detected by finger-damping techniques because there is no sig-
nificant component of particle motion perpendicular to the surface. This 
also explains why the wave cannot be detected by conventional (SV) 45° 
shear-wave transducers (transmission between two isotropic media across a 
fluid boundary is not possible for shear waves with this polarization). 
When the signal detected by the normal-incidence shear-wave transducer B 
shows a relatively large amplitude (Fig. 4, trace 4), a strong spurious sig-
nal is detected by the transmitting 45° shear-wave transducer T in the pulse-
echo mode (Fig. 5, trace 2). When the normal-incidence shear-wave transducer 
B shows a relatively weak signal amplitude, there is no spurious echo. 
Fig. 4. Signals Obtained with the Transducer Configuration of Fig. 3. 
Trace 3: signal received by 45° shear-wave transducer at A. 
Trace 4: signal received by normal-incidence shear-wave 
transducer at B, with polarization as indicated in Fig. 3. 
Trace 5: signal received by normal-incidence shear-wave 
transducer at B, with polarization out of the plane of Fig. 3. 
A Panametrics 2.25-MHz, 13-mm, normal-incidence shear-wave 
transducer (B), KB-Aerotech 2.25-MHa, 6-mm, 45° shear-wave 
MSW-QC transducer (T and A), and Panametrics 5052UAX pulser-
receiver were used in conjunction with a Tektronix 7904 
oscilloscope with 7B85 and 7B80 time bases. 
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Fig. 5. Trace 1: Radio Frequency Signals from Corner Reflector, Detected 
by Probe T after Propagation through the Overlay. Trace 2: 
Spurious Echo Detected by Probe T in the Pulse-Echo Mode (Signal 
Cannot be Finger Damped) . Same i nstrumentat i on as for Fig. 4. 
The transit times for the spurious echo received at T (Fig. 5, trace 
2) and the echo received at T from a corner reflector (Fig. 5, trace 1) 
differ by 6 ~s. This corresponds to a path difference of about 18.6 mm 
(6 ~s x ~3100 m/s). This acoustic path difference corresponds to the 
difference between a 45° shear wave and a normal-incidence shear wave 
[(22.5 mm/cos 45° - 22.5) x 2 = 18.6 mm] and so is consistent with the 
explanations provided above. 
When the 45° shear-wave transducer is replaced by a 60° transducer, 
the spurious pulse-echo signal is considerably reduced. In contrast, the 
through-transmitted signal detected by the normal-incidence shear-wave 
probe B is large. Apparently, less of the reflected energy is transmitted 
back to the wedge than for a 45° probe. Furthermore, the spacing of the 
multiple echoes received at B corresponds to the thickness of the specimen. 
Even more curious is the observation that the relative amplitudes of the 
first and second signal received at B depend on the polarization of the 
receiving probe. If the polarization is as shown in Fig. 3, i.e., in the 
plane of the figure, the first signal is larger in amplitude than the 
second. If the polarization is rotated 90°, so as to be out of the plane 
of Fig. 3, the first signal is almost ex tinguished but the second maintains 
about the same amplitude. 
One other relevant test has been carried out. A 60°, 2.25-MHz , 6- mm 
shear-wave transducer was placed on a flat piece of 1-cm-thick SS weld 
metal at a location corresponding to T in Fig. 3. The grain orientation 
in this specimen is generally the same as in the overlay of Fig. 3, but 
does not f ollow the zigzag pattern of the overlay (Fig. 6). The weld 
metal sample has a much more nearly ideal transverse isotropic symmetry 
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Fig. 6. Micrograph of Overlay from Hatch Endcap, Showing Complex Grain 
Structure. 
than the overlay. No signals comparable to those found at B in Fig. 3 
were found and no spurious echoes were detected. This suggests that it is 
the complex nature of the overlay, rather than simply the transverse 
isotropic symmetry, that causes the beam to split into two waves. The 
columnar grains in the overlay apparently cause the downward refraction of 
part of the injected beam. 
We also compared 1- and 2.25-MHz crystals with the same shear-wave, 
angle-beam wedge. The spurious echo amplitude detected by the 45° shear-
wave transducer at T was considerably smaller for the 1-MHz crystal, while 
the signals detected by the normal-incidence shear-wave transducer at B 
were greater for the 1-MHz crystal. This suggests that the ultrasonic 
wavelength is an important parameter in the phenomenon and that the 
roughness of the overlay/base-metal interface and the size and orientation 
of the grains are important factors in the generation of the spurious 
echoes. 
Despite the indications that longitudinal waves may be more reliable 
than shear waves for testing pipes with overlays, shear-wave techniques 
are widely used in the field. Thus, understanding the origin of the 
spurious shear-wave echoes is particularly important. The data presented 
here support the premise that these echoes occur because part of the 
injected ultrasonic wave is refracted downward, reflects off the inner 
wall of the pipe, and returns to the transmitting probe. Figure 7 illus-
trates a plausible path that results in a shear wave at almost normal 
incidence to the bottom surface. Close observation of the micrograph of 
Fig. 6 shows that this seemingly contrived arrangement of columnar grain 
structures is a strong possibility. By crossing boundaries that change 
the shear-wave velocity drastically, the shear wave can be refracted as 
indicated (see Ref. 4 for data on shear-wave velocity as a function of 
propagation direction in columnar structures.) Other arrangements of 
columnar grain structures would cause part of the beam to be refracted in 
different directions, but the refracted portions would not be reflected 
back to the transmitting probe to give a false echo. 
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Fig. 7. 
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